acoustics of the syringeal sound source. been suggested that, analogous to human speech proFormant variation in Monk parakeet vocalizations may duction [9], tongue movements observed in parrot vobe even more extensive than shown in this study. We calizations modulate formant characteristics indepenvaried the placement of the tongue (and concurrently dently from the vocal source [10-15]. As yet, direct that of the larynx because both are attached to the hyoid evidence of such a causal relationship is lacking. In apparatus) but took care to keep other factors constant. five Monk parakeets, Myiopsitta monachus, we reThere are, for example, a number of other structures placed the vocal source, the syrinx, with a small that may play a role in formant modulation in real vocalspeaker that generated a broad-band sound, and we izations. First, although the position of the larynx is measured the effects of tongue placement on the structurally coupled to placement of the tongue, the sound emitted from the beak. The results show that larynx can also be moved with respect to the lingual tongue movements cause significant frequency changes apparatus, and net laryngeal movements in live animals in two formants and cause amplitude changes in all will thus be the result of the superimposition of this type four formants present between 0.5 and 10 kHz. We of movement on lingual movement [15, 17]. The position suggest that lingual articulation may thus in part exof the larynx will likely influence resonance characterisplain the well-known ability of parrots to mimic human tics. Second, beak gape changes often occur during speech, and, even more intriguingly, may also underlie vocalizations, presumably altering resonance charactera speech-like formant system in natural parrot vocalistics. Third, the length of the trachea is likely an imporizations.
The frequency axis in Figures 1 and 2 has a linear scale, on which F3 modulation may seem much larger and in mimic speech of other parrots [10-13], which offers support for this assumption. However, the full as compared to F1 modulation. However, frequency modulations are not perceived in a linear way in humans, range of tongue placements tested in this study, and thus their corresponding formant patterns, need not and because basic hearing characteristics are not very different between humans and birds [18, 19], the same necessarily be used in vocalizations. Also, there may be differences in the exact vocal-tract geometry and tissue may be true for Monk parakeets. In humans, the perception of frequency-pitch-is often expressed on a mel characteristics of vocalizing birds and the dead preparations tested in our study. The degree of glottal opening scale, such that frequencies that are spaced at equal distances along this scale are judged to be related by and the length of the trachea, for example, are unlikely to be exactly the same in both conditions. Such differences the same pitch ratio [20] . On this scale, F1 variation in Figure 2 has a range of 281 mels, and F3 variation has may cause deviations in absolute formant frequencies, although we believe they are unlikely to affect the pata range of 392 mels. For a comparison: in American English, F1 and F2 frequencies have ranges of about 500 terns of modulation caused by tongue movements.
In a comparison of our findings in Monk parakeets and 800 mels, respectively [21]. Meaningful differences may be much smaller, however. In female speakers of with human speech production, it is interesting to note that vowels in American English are uniquely determined American English, F1 in /o/ and /a/ vowels, for example, differs about 200 mels, whereas F2 is not different at all. by F1 and F2 frequencies, the variation in which is caused by variation in the front-to-back and low-to-high
We believe that a vocal-tract filter with the strong modulatory formant patterns present in Monk parakeets placement of the tongue. In Monk parakeets, the same tongue movements also influence formant patterns, but may occur in other parrots as well because the general morphology of the vocal tract is shared among psittacifront-to-back tongue movements seem to modulate formant characteristics in a more complex way than do form birds. In addition to syringeal dynamics [22] , this may explain the well-known and remarkable ability of low-to-high movements. Front-to-back movements modulate the center frequencies of F1 and F3, in oppoparrots to mimic human speech, in which formant patterns are an important information-coding characterissite directions, and the amplitudes of all formants in nonuniform ways. Low-to-high movements have an overall tic. How Monk parakeets mimic speech is an issue not 
